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Stroke Volume:

It is the volume of blood ejected from each ventricle per beat = 70 mls. /beat at rest.

End-systolic volume (ESV): End-diastolic volume:

Is the volume of blood in the left End-diastolic volume (EDV) is the
ventricle at the end of contraction, or volume of blood in a ventricle at the
systole = 50 mls. end of filling (diastole) = 120 mls.

It’s determined by 3 variables:

1- End diastolic volume (EDV) = volume of blood in the ventricles at the end of diastole.

2- Total peripheral resistance (TPR) = impedance (resistance) to blood flow in arteries.

3- Contractility = strength of ventricular contraction

The Frank-Starling law of the heart:

It states that, the greater the volume of blood entering the heart during diastole (end-
diastolic volume), the stronger the heart contraction and the greater the volume of blood
ejected during systolic contraction (stroke volume).

Because greater EDVs cause greater distention of the ventricle, EDV is often used with

preload, which refers to the volume to which the ventricle is stretched before it contract.

An increase in EDV increases the preload on the heart and, through the Frank-Starling

mechanism of the heart, increases the amount of blood ejected from the ventricle during
systole (stroke volume).



http://en.wikipedia.org/wiki/Systole
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B Regulation of Stroke Volume
* EDVis workload (preload) on heart prior to contraction
— SVis directly proportional to preload & contractility
* Strength of contraction varies directly with EDV
* Total peripheral resistance = afterload which impedes ejection from ventricle

* Ejection fraction is SV/ EDV

— Normally is 60%; useful clinical diagnostic tool

Fran k_sct";"::'i ;;‘V; écarlna-«xompmm Inc. Permission required for reproduction or display.
' 1
B Frank-Starling Law of the l

Heart States that:-

Strength of Ventricular contraction

Increased contractility
caused by sympathetic

varies directly with EDV. : ]
nerve stimulation

As EDV increases, myocardium is

Stroke volume (ml)

stretched more, causing greater
contraction & SV.

Ventricular end-diastolic volume (ml)

(a) Is state of myocardial sarcomeres just before filling.
Actins overlap, actin-myosin interactions are reduced & contraction would be weak.

In (b, c & d) there is increasing interaction of actin & myosin allowing more force to be

developed.
o = Resfiwl':fé' sarcomere lengths
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d
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© The M Hi Inc. ion required for or dispiay.

Mean arterial
pressure

! f
I
: Contraction
| strength
I Sympathetic End-_
- nerves T diastolic
H i volume
Parasympathetic Stretch (EDV)
nerves [ |
Frank—
Starling

The cardiac output is determined by:

1- preload

* Increased preload increases the stroke volume
2- afterload

* Decreased preload decreases the stroke volume

m Preload:

It is the initial stretching of the cardiac myocytes prior to contraction.

Preload is represented by ventricular end diastolic volume = EDV

When the venous return increases, the end diastolic volume increases (the
amount of blood entering the heart and reaches the ventricles increases).
Thereby, the muscles of the heart stretch and the stroke volume increase.

B After Load:

Is the pressure against which the ventricle contract in order to eject blood.
It is increased by increased:-
1- Aortic pressure e.g. Hypertension, and

2- Aortic valve disease e.g. aortic stenosis.

The afterload is closely related to the aortic pressure

When the arterial pressure is reduced, the ventricle ejects blood rapidly which
increases the stroke volume and thereby decreases the ESV.

Because of decreased ESV, the ventricles will not fill to the same EDV found before
the afterload reduction
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B Ejection fraction:

Ejection fraction (E;) is the fraction of the end-diastolic volume that is
ejected with each beat.

It is stroke volume (SV) divided by end-diastolic volume (EDV):-

SV EDV —ESV
~ EDV  EDV

Ey

1-intrinsic regulation: in response to changes in the volume of

the blood flowing into the heart.

2-extrinsic regulation: control of heart rate and strength of heart

pumping by the autonomic nervous system.

Example:

1. Nervous:
* Sympathetic: increase HR & SV.
* Parasympathetic: decrease HR.

2. Chemical:
* Potassium
* Calcium.
* Thyroxin.

* Catecholamine
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Further reading (just to understand more): a¢dil 3¢) il Jadd als ¢ & AT I U e

AlS p gua gall

Just Read:

Figure 20.16 Factors that increase cardiac output.

© (Cardiac output equals stroke volume multiplied by heart rate.

k
P inotropic agents such as increased
etic stimulation; catecholamines,
Icreased end diastolic volume (strelches thyroid hormones in the blood,
fre neart) Increased Ca?+ in extracellutar fluid

|
Ewmioi j

661

Decreased artenal blood pressure during

|

[ Decreased AFTERLOAD

diastole

! o

Wihin limits, cardiac muscle fibers pic agents increase force
wntract more force tc at all physiological levels
Frank-Starling faw ¢

|

Semilunar valves open sooner when
blood pressure in aorta and pulmonary
artery is lower

|

I

Increased CARDIAC OUTPUT

——

t -

Catecholamine or thyroid hormones Infants and senior citizens, females, low
in the blood; moderate increase in

hereased sympathetic stimu on and
sxreased parasympathetic stimulation physical fitness, increased body

T extraceilular Ca=+ T temperature T

NERVOUS SYSTEM | I
ular center in

CHEMICALS ] l OTHER FACTORS

When you are sing, contraction of skeletal muscles helps return blood to
@ the heart more rapidly. Would this effect tend to increase or decrease stroke

volume?

Starling law:

when the venous return increases the EDV increases and then the preload increases which is
the initial stretching of the cardiac myocytes prior to contraction. The myocyte stretching
increases the sarcomere length, which cause an increase in the troponin C calcium sensitivity
and cause an increase in the rate of cross bridge attachement and detachment and the
amount of tension developed by the muscle fiber. And that causes an increase in the force
generation.

This mechanism enables the heart to eject the additional venous return, thereby increasing
stroke volume.
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Frank-Starling law (intrinsic regulation of CO):

1- The ability of the heart to change its force of contraction and therefore stroke volume in response
to change in venous return

2- The ability of the heart to pump all the blood coming to it without allowing systemic stasis, within
limits.

Factors affecting EDV:

Increase:

Stronger atrial contraction.

Increased total blood volume

Increased venous tone.

Increased sk m pump.

Increased negative intrathoracic pressure.

Decrease:

Standing
Increased intrapericardial pressure.
Decreased ventricular compliance

Factors affecting afterload:

Vascular tone (and therefore blood pressure)
Aortic stiffness

Myocardial tension (affected by hypoxia,
volume overload)

Metabolic rate

Preload

Valvular regurgitation




